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Design Method for Corrosion of Reinforcing Bars in Concrete Structures by Water Penetration and Carbonation Progress

Shuntaro TODOROKI

Tetsuya ISHIDA

Hiroshi UEDA Toshiya TADOKORO

The effect of water and carbonation on the corrosion of reinforcing bars was investigated by field surveys on

members with different levels of water supply. In addition, a design method for corrosion of reinforcing bars due

to water penetration was verified by comparison with the cover depth where spalling had occurred, or the design

cover depth determined by consideration in terms of carbonation. Even if the un-carbonation depth (=cover

depth — carbonation depth) becomes less than 10 mm, when water is not supplied, the risk of the spalling of

concrete is low and the corrosion rate of the reinforcing bars is slow, thus, it is important to consider the impact

of water supply for the reinforcing bars. It was also confirmed that the design method based on corrosion of

reinforcing bars due to water penetration is applicable.

F—U—F:igkBEI Y s — MEEY, BHORAE,

1. 1ZC®HIC

a7 ) — MEEY T OS ORE A LT L7
nz?U—b@%%@Wﬁﬁ@ﬁT%ﬂét;?Tbﬁ
Whbo TD0H, BEEIHTLZ L2227 ) =1
REEM O AMEZ MR T 5 L CTHEEL %5,
BRERTT VA UMM N zay 2 ) — s ok
I E LIS WS, ZRLRFEIC L > TEHELO 2
YI) = IPHRHAEL T EBRELR T kb, O
728, fEk, avrz ) —romibEREE L, S50
JEEICHIE LT & 2o BIAIE, RREITIE, R H R
2BV, SHREASHHAEL 2L IZHhR) 2 RE
{FT5ZLl%ZLTEZ, —HT, MoBEEICIZ
%, L CADBUERTRTH S,

AL & RS & 3 2 i EhE (PYARIC BT 2 BREE)
&, RO S TS BEFTO S AS, LR S A
KELHEHIN (1), MITEERHFEIELRL TV
LE&ND, FLT, WHOEETE, AS#EH2YFENL
D FTAS, HPACIEFED TR Vs, FEFE
2, BECEBHENLAELLY LIRS TE 2
(K2)o 2%, W LEIREL T2 L, FEREMK
TR & % B RENED D B o

ZnEIHIz IR CHONTE B REISHT LK
DHBEWSNET D720, KDY DR A% A

* M e AT i 72
® % JORUKAE
® %k BRI 7L

a2 — MRS

B8R WF Y Vol.37, No.10, 2023

KD, > ) — T odhtki

S LEERE» O EDORE LR EIBRICHDL T —

R HEEL 28, BRI T HKE LWk
LR OWTHM L7 B3&F), £LT, HEELik

B SuaNELE LT, WL TIE %L, BHoREzE

30 T T T
KD F
@25 R AT
E20 )/
w15 /// ,zi”’
g 10 / // 7}(7J§%|‘75‘D
:EH / v ke =
£ |/ AU T
5 LSRR TURE AR
o V 7k7{§/\ﬁttl 155%

0 20 40 60 80 100
HEHES ()

1 7kp L) ERURE DFHEE

¥ wt |

2 KEHhY TP — FORERRY



x1 FAEOWKRE LIEIOBE

Bl | e | DRUCED | e | | bt | R e | e
B Tt i KEPOD | AR o IZSS %0 ;m% AAPREE | RE
i ” : A (% T4F) mm mm % kg/m? N/mm?
A 5¢§ﬁ F*2 | 36(1973) | 4~68 | 8~30 | —26~45 | 54~95 | 0.16~030 | 32,38
TF—A A .
B | e S A 36(1979) | 0~43 | 0~15 | =13~37 | 40~67 | 023 LLF —
C A7 fe2 87(1927) | 10~49 | 31~99 | —66~9 | 63~113 — 24
i
e Fg
D | T & e 48(1962) | 2~41 | 10~34 | —29~29 | 50~74 | 0.19~0.40 | 30~41

1 Jbim & FEiE

X2 —EICHEAR AR RIC X D WK

3 WIB=1/9 {yo/(Be e 4357}, ye: THEALIES (mm) , A : 1.0 [HZEE A, B] - 1.6 [H44E C, D] ,
%o 1.0, ¢ FAERRRE ()

EELANTT)|

R L, 22RO EZ LR LTz, KOEEIZHE) #
M OBEEIZBE S AT OBEAMT, HEFET 25D
EREALICB T B MRET, AKOBREIHE D SiH O I

AWM CTET DRGNS ) 2B LT, KOBEZEIHE w7}
MR THE2 S

9 SilFF ORE B A2 MET OB REEL 72 (4 7E),

0.5~1.5m

2. BRAEOHE
[ AT 7 Fi)

2.1 BEONEZ

K112, WEOHGRE LM OMEL R, —BT
T2 ) — FOFMERHE (D, HEEEHEE T L0
THE) AVE LTk ) DR 2 IR 2 RS L .
7o G LM S R IITH D, — 0 6 .

. < = e \ ps N
OIRRASRS Ukl A1) 57— Vot BERITES
B X OEMNE, BXOING &R TRIE» ST

Wi &
I PN

BEPEAIERY (KE D I8) 5 — A S TGO R 5 7 M3 HAELHEAS T FTEOER

TS X O TATO LR T Ch Do HINGO— (b

BFA S 0.5~ 15m fEPH) & M2 T 7 F o~ 2250 PR A v = B
. = BBk

(HERMTH A S 4.4~5.0m H#HPH) (THARAERIZ X Hiik
PR SNz (113),

B, WHRE LY, SRR Rk S 0%
Bz e wHIiEL, TRea— Vv FIPaAf v
GEBTARIGER L2227 ) — FONWEORTIZA
BN 7ze MR A + VB IX 0.4kg/m’ LLF
ThHY, WEIZHZHIEWA 4 > OBINEnEE

, 30
bbb, 20 &

10 =
2.2 AEDOHE 600 300 OO —
221 F—AORESE FElE (m) S

K43 L 51, WOMEOBE (54 b Iasski) b . e
DE LAY S 2 R B L, A Y2 ffid 1| >R FIIGIE o fiEElE
RIEE B L, iy, PHLES, HEOHELE M4 F—2OmEHE

i

2 B8 A& WFEE Y Vol.37, No.10, 2023



— AR

(i) B m)aﬁ kB
Aot A Bl
HE EN O
—— N
L TV AT
— T LR —
(i) IR (iv) PRI LB (v) (i) LERT S

BRA IO R 2y, EHETE

BRI R Va5

4

| B
HIk

—

V3 V3V,
B L
& 21 7)—h
"I‘ﬂdE§Z%%
R )
R L

lw%ﬁthgggglkw%mwt

HI

5 HEOBREEDHESE

e L-MBoRERBRE LT, F—5 WA - 50
L7z 2501E, Wi Eo Xy ¥ 2 12IZERIMEZ2 5 2,
FRUAD X v 2 u%&mmw“%ﬁ%_ﬂﬂﬁ#
SOHMMEE 5 2 720 PHALRSIE, A v ¥ 2B TR
L zEHME & L7z,

BB, PRI, EEFLEEHCCERIL. 72,
P bR S, ¢024mm BEDO FY VLI T =/ — VT
FUA V1% B EWE LRI LILND ) BT AEA
ATEETCa Y 7 ) — NRED S FEEE TOHEEZFHI
L, TNooFyEihlfEs Lz,

2.2.2 HHOBREREDHERE

X512, ok EREOHEEEZRT, K4I1R
FTAy a2, HE (M5G) BIOHETFN (X5
(iii)) %47V, FVEEPT & LT TR S LA R 74
Ny = (Ws5G) EMS53G)) 2389 L9, Ik
ErHE (KM5W) §52HETHL, A v /:L’ﬂ}a)%lj
WA OMAERD I ETE L, ABFTFHET IV E
AWT, Ay vailBadEsRBETE 5, Lal,
HIEFEEEOMAERDAHTH L Z &6, HIEEA
LIEAEETT TR ENDMI /88 — v & D LI AEHE
EEREET A EE L,

HEFUETNVE, BWRERAERE, FEFBEREOR LR

B8R WF Y Vol.37, No.10, 2023

SOREVLEE b BEHEER, 47 THAET 5K
DFRENNE DGR OIE LB T BT TH 2 I s L

OXEMUL, —wE Lo HERLEROBEERS y,,
OFEANNE, AFEOFHEE I & AR O 30mm P

TorR) 2% e 352 HwiY

3. BRICHT HKEHMHDHE

3.1 REREFROHDAY EhELTEY, KiHL)

6 12, FIFEEI S L OREEETTO»5RD &R bk
D (PR 2OHPHLERS ZEW/t) OFRERY.
%k, (d) ERTHTIE, WIHBHEZ 8Os %
RICHAE L7228 LTl S 7z &3 2 6 N A Hils ik
D o 7RI, FFE LN L TR L 72,

FEIL, ETOMATHELIEY 10mm LT THAE
LTWwz, HENEL Tz koh i b i, K
#2 ) A oA & ESAMR, PR T T (K
A1) TiE1~10mm TH 2O LT, K#thh o
R 7 7T E FRTHTIE - 5mm, 3mm &/hE v,
WIS 25 LR AR D AV W3 s, R
DI M DH B KD D A ORSMH & SRS
EHART, K2 ) OB A Z 7T E R TH T



TR R IKEH K E KA
(BAR FH0.5~1.5m)  (BRFMHLSm~) (ki) () [Av=a%]
= f42[285] mm G4 [1049)  [Avva¥i] mm 42[334] w42 169)
A\ HE33] O #1#%[250] O #¥%[72] A #%[27]
40 I 40 -
30 30 -
— 6mm* R —
20 20 -
é E 5
£ 10 £ 10
jsa) ja)
R0 &0
o 3
& -10 H -10
= 20 = -20 2mm*
30 | OXHPEERTICRBWT 30 XHFEEFTICIBNT |
Beb REWPE(bERY Feb REW LD
=40 | -40 |
0 20 40 60 0 20 40 60
7350 (mm) 50 (mm)
(a) #4+m (b) =5 mE
piz:VARUE 3 T KB A o
(HERME~4.4m ) (HERHF4.4~5.0m) (Aviaii]
mm (#42[536] e A [13] [Rov=a%] m (£4[3135] O #¥[22]
O #ik[44] A FHVE[59] O #hits[379]
40 I 40
|
20 I — — Smm* | 30 =
~ 20
E - g 10
R - =
g =20 - = g 0
= -40 g-m
= 20
60 s ammcsaT B 30 X HEEFICBNT
Feb KEWRPE(LIRY A NARLL (2 U
-80 ' 40 '
0 20 40 60 0 20 40 60
7350 (mm) 7350 (mm)
(c) RS T TE (d F2Tm

6 RIEEROD K EREEY DR

A P ALK ) 2V S THRERFETD% A
j‘zﬁ)o

3.2 KEHY DEEBRDEM TORFEFRER

7, ED B IOHRPALIE D & FEFEEEOR
RT. HAERAERE 2D BLOHREARD &
Omm~35mm, Smm~10mm ® X 9 IZ 5Smm X512 X v
VA EICBML, ZOXGNIZET B HEETTO X v
¥ a R A tE T E REETOERIA v ¥ 2 TH 5 T
KDz B, TRTHOMBEINE, FEEE L,

PEDVICEHTEE, DEDIVNI VI EHFERAR
DYEINT %o RPFARE T, KEP)OFIEIZL 5T,

4

MNEDH30mm LT & %5 & FETEAT B MEEIC
o7z

YIS D ICHEH T 2 &, K D A oS & El
SV T, HPEAEER D 25 10mm BUF & 7 % & #FE D35
A BRGNS B o K ) DR Z 7 N &
FRTHETIE, LR D 25 10mm LU & 2 % & 37
FEAFR DG R B DIIAKED ) A DAL L WAL T D % 27,
K2 ) WD ERALD 7 AR ) A DFRAL & e THE
L5 D 25 10mm BLF & 72 o T ) HHEF LRI, A
ML, R WEYORL ZEMALTHEL N R TS
D, MEOMERERE G EHFE—Thwizd, HIZ
WATEHHDOTIE RV, F—HEWhOKE» ) A

B8 A& WFEE Y Vol.37, No.10, 2023



FES A

—O— YiLAKBR (B2 T ii0.5~1.5m)

AT 7 il S ]

—o— KA (L) —— KD IE GREZRH ~4.4m) —F- K #H0 E

—O— KA BEL T HE1.5m~) —A— KEDOOA (FTH) —ée FK bR GE2MIE4.4~5.0m)

100

N TS

N

$ 60 \

AN

3@40

B i

rﬁ%20
o L4 oo
n O n O n O n O n O un O
eﬁ—‘NNmmﬁ‘ﬁlﬁlﬂ\O
o oLl el

JEEE S EEFEEER:
7750 (mm)

(a) MY

100

80

60

40

FIVEHE AR (%)

20

7 PRYBRUFETKRY CRERERORR

LD TOERERAETH F UHEEIHESRTVEY,

A Z 7R ORI & KA D D[R —H KD T
DFNEFEZRE WD &, GRS N2 Fr D H3
F\o FRRIZ, HAVEOFKER & K2 ) O —2 5
D TORFEFEREZHARTYH, PR T 7 & HTHERE
T\ As, GAKRERASE & N2 FT O H DS E . LR
&I, WKIEA S NI TRIEAFEA LR 3 Wil
RTho7

3.3 K#EHY, hiEEY EERRE

X812, A2, WP IR Y &S AEHE ORRE R
Fo KDY A ORI R AL SV I O W £ E 1T
0.9x 10 mm/4E (0.4~1.4x 10" mm/4E) TdH Y, Kif
YD FR TR P AT 7T O £HEE I FY
0.7x 107’ mm/4E (0.3~1.0x 10’ mm/4E) TH o720 &K
T, HEPE LT EREN R E LTSS
ERARDN30mm BT LI Ehn, HHETIE
D) N EE Z SN DI T D HOWARRL D5
DAVNE S WL, REBEORBEZIT LR EKOBEE Z
JRTOVEETICH - DD 5. T KED,
D MO, KB O L HRT, FHT
0.8 fHII LD o 720 KB Y D L E 2 5N
ThHoTdH, INOHLEITL YRR S A HeED
HBHI LD, BEITIE, KED D PH O L FHED
BEREEZEZDOVLEENTHLEEZOND,
PR RAC X D3RR i S 7 Ae p R A 5 7 F
OB EEE L, ZhS X)L < 0.8~1.8%10 " mm/

B8R WF Y Vol.37, No.10, 2023

NI

& Wik (B2 T I#0.5~1.5m)
O A0 BER THEL.5Sm~) A KA ()
1A~ F i L F il

X KE 0 (HERANIE ~4.4m) [ KEM) DI

X AR GHER M Ei4.4~5.0m)

A
O K f (ki)

2.0
&
215
£
2 &
X
—~ 10 | X ><Dé§
t
5 % %x 75
& N
= 05 X 0
[
00 bt v 1

=50 -40 -30 -20 -10 0 10 20
PP EED (mm)

X8 ki), Hhit{ikl) CRREE

FEThotzo —MRINS, KDDL VEFTIEHEALA
HEAT LIS VDY, JERA RIS XD KBRS S 7 T
&, KRR C B EHTHEEAEITL, SPKARIZE
DARPBAEEND LI Ro72Z 8IXY, FEEHPEEAHE
MU 7z etk % o



3AE~33M LY, PPEALIRD 2% 10mm LLF & 7% 5
ZHEICBVTY, KD ) BT, KDY
LB L TRHIE AR I PO EHEE D B C
L, BHOBEIIN T KO EEEZ DI EHE
BThHbo

4. KOZEIHES WM OBRICET HIRFD
B

4.1 FEEERRODRY EKDZBEICHED WM OERIC
B BIRET CEE BRRETH ARV

B1 912, HERARICE D wAKREAT & 7256 % B
<, HEEHOPED ZiRT o FEFE LR
SFEHIIAHTH 5720, FEROKIELZ 7Oy b L7,
BT, KROBEIHES M OB EICET 2ME (AR
¥4 aryr)— MR [REEHE] SRS NS
MRS ICHT B IBET) 12Xk > T, AR s,
CEREMI AR e 2 B TR DO 7R S & R RHE s,

60

‘ 7
ARy L
50 {(W/B=75%)"
z
40 ! A
\g ’ll /
= A
(W/B=54%)
\
10 /’ X HEAETT [
O HYEEHT
0 T T
0 20 40 60 80 100
BEHFE ()
(a) #5+mE
60 -
4
I’
74
50 ;
z BEDRY|
g 40 (W/B=75%)
E \ /,
=30 X
= 20 S ESD
/ (W/B=65%)
10 // X A E T
X R & T
O 1 1

0 20 40 60 80 100
B ()

(¢) HERZ T TME

K@) &L, B s, (R(Q2) ZED, syfsim 710
R BRENED ZEN LU TR L AN, WEoE:
HREZKEL, BERICE ) RPEPLGEEZ/]EL,
WA BENDL LI Lo TEEPEITT LI L EE
BLTERMLSINZZDDTH %o

stYW'de't (1)
Sim=3.81x10""¢ ()

>35mm DA, s, =1.33x1072

DS AR S OBEHE (mm)

Sim - SR AR S OBRFHYE (mm)

P BB ERIOREEs, D50 &%
ER LI RERE 115

Soy  LAED 720 OHBIE AR S ORREHE (K
CIE, EEEE L IR) (mm/4E)
Say=1.9-10 " exp(—0.068" (c —4c,)*/q,’)

- =)=
;.;.c_, Sq

60
50 Bt
2 (W/B=64%) ,+
§ 40 X \& v
'
j Lo '//
R = \ N
20 EFESD
(W/B=47%)
|
10 /’ X AT |
O HIF T
0 — ; ;
0 20 40 60 80 100
SRS ()
(b) =S E
60 — T 7
WEtNSD
50 (W/B=74%) /
A \
540 \ 7 /
~ [}
= I’/
4 30 ~
e Beits Y
(W/B:|53%)*
10 X ERET |
O HI¥ & A
0 T

0 20 40 60 80 100
fHFEL (5F)

(d) £ZTm|

9 FSEREIFIDODRY EKDZEICH DM OBRICET SR TE X HREH A

8% 3 KW S Vol.37, No.10, 2023



¢ SR D (mm)
Ac, A ORI (mm)
A5 713 Smm, flid 10mm
qq 37— bOKRGRERERB OB
i (mm/ v/ E:R)
qa= Ve
e 37U —MOMEMRE 13
g I Y7 ) — P OKRGFEERERB O
fili (mm/y/ ). S TIEWBDOLET
B % %S, ¢ =31.25- (W/B)* % M7z,
WIB @ KA EM . HEETORALRES 205
DOHEFEM (E1OX3XDEH) o
M REL, EBRZ%Z 75% & L7z,
t EEHIHAER (BF). 22T, U
H;@ RDBBEAED Wik OB AT AW TE
BHEPED X0 B FFEFEFT O R Y IINE v,
Hﬂﬁfu IROBBIAL D HIM ORI T 25T
EFELHFLED I —HRERHLRD 20~30mm
TRIFEDFEAE L Tz, AAESMEIZHERE L 72 W/B 2K
&L, HEREDOBRE 3R RN E a7 —
FTHBUEEDNDH HDS, 52D 20~30mm THOHED
HIAIE 5% FELLF L/ S v,

4.2 ECICEIY BT EKDBBICHES M OER
ICBT BIRE CTE X B HETH AN

1012, PHEALICBE S 2 Ba) LkoE e
MOBEICHET 286 418zl CTEf 2 &E» 45
D DI A RS o KOBREIHED WM ORI T 2
TR E A AEI A DI 30mm U E (W/B=40%~
60%) TH Y, KLY HOYE (B,=1.0) OFEEALIC
@T%@Jfai% AR XD RkEw, B EIC
B3 2 Mgt ik, BeEtm A EIBIC B Tk bk b 28
10mm PLlE %2 X5 IR ED ZEDTBY, Ko
BB S ORI T AMET TR AikET N RD
PHERENTVD LW 2 &k, EFH LR o bkl
DI 10mm L E&WT 2Lk b,

FPEAEFE D A% 10mm BLETHIUE, SAE O pH &
KFLTHEHT, BAED pH O TS X 0 g
BHIT A2 L3 hVEZEZONLY, 200D, 20
IKDEFEIE D S ORE BT 2 MG CRkEM AR D &
O DA, ICEIAIE O pH O T % B 2
THEREBL 2L TH, PHLOBBLRE 2 72550
RODPRETELEEZDLN D,

K0 OB E O PELIC BT 2 MG CRF £ %Rk
BRI, KOBFEIHED S OB EICB T % BEt T

LRFARED XD WB=45%FED L TR E L
o TWAH, 3F|ED, K2 ) 2T IUE, K E
D BE L IR L THEI AT BRI 22 E

BB K BF H % Vol.37, No.10, 2023

80 == FPHEAEIC B D

H [FH5E 0]
70 HEAME ] le =1.6 OKEDIE) | =13
H 705200 TA%5% < 10mm 4 o
—~ 60 Hzpatit A4 -1004E _Z rﬂfl.()(/]ifﬂ‘/}\U,‘?‘f), 7%=1.0
Eo | — o= poro0kinom), 13
S 1 :,"' | B=1.0 GKEMOA), 721.0
R4 e ] 2 i
RS L . - . - Lo BREDOFBORE %
= 30 T = ” FIHRE
2 o — \ K AP — DR EMES
20 ¥ Yo=1.15, z=1.1
KDOBBILED ’ !
10'*%M@rﬁ %ﬁéﬁﬁ
0

40 45 50 55 60
HKABEAM EE WIB (%)

X 10 KOZBICHD MM OBRICET HIREF it
EICBT DRI TE X DR DR
HESENZ D5, KD S HRVEITIE, KA

PHHE LD DEFPRDIINELLTInEZLNS,
FHIBWTIE, KE2rVEEEEZ SN EEIZBWT
b, BAETHHCHOWGAR, MEHA A S DKOEE
Weite, #i#EZe MO ORI X DKM S DA
WHDHILEER L TRADPRY Z2HRETLULELRD D,

5 F&&

KRB ) DL B AL S RAFEREFE T, $R
DBFEIFTHABI a7 ) — bohP bopEz
SR L7z F72, HEPEC TGOS ik
LI 2 TR T AR5 ED LR LD, Ko
&@cﬁoﬁﬂwrﬁcﬁ?éﬁﬂ@ﬁmﬁ%ﬁﬁLto
m)*ﬁﬂ%@#ummuTk&ot IZBWTh,

KD D DI, KD S kmfbfﬂ
HEH5E $T5ﬁ+#ﬁ<#oﬁﬁmfﬁﬁﬁ%L
W ERS, BHOREIHT 2 KOEBEEEZ D
CENEETH D,

(2) KDEFEIHED S O AT HMETEE 5%
A SD LD, FEFAELTOREITORRD I
RN SNWZ L ZRER L7, T2, BFHHAERK
100 47 & L7z KO EFEIHE D S OB EIZB$ 5 8
TR T HEETAS D BRI TR, b
BT AWM T e MR L, Lo T, K
DFF\EBE 7)) = FOHFPEAIZ X 28 OB E
B pEEHEE LT, R LICET 2 BN b
D, KOZREIZHED $M O£ 2862 v
T, HADPRYVZEDLIEELTHINEEZS
na,

B, Kix, 9 & —H#E LNEZ HA TS,



X

1)

2)

3)

4)

5)

(73

FE LA SER S  SOERERARIIIeITE - B
WA - B T v 7)) — MEEY, LR,
2004.4

OGN, WA, PEIGEAT, SARMA L mEEE» S
DAy 7)) — b HEICET HHRANR, B ATRIE,
No.711/V-56, pp.125-134, 2002

P, BT, SR o v 2 ) — MEE A~ DS
ZEDOREEZM %, RRR, Vol.71, No.6, pp.20-23,
2014

WTIFE, R, HATHBOR, AHEEW 0 9 RCHEED
DEREIM 2R E Lizh R ) o Tk, a3 v 20— 1
TAAAE R SCHE, Vol40, No.2, pp.1303-1308, 2018
FUPIHEL, WRFRORH, VELME, HTRER  Spa v ) —
I A O SR ECIE 12 U 7 2R IRFE A RSV iR S 125 %

7)

8)

9)

W, a v 29— MEEmOHIls, #iKk Ty 7 L—F
T URTY NGRS, 184, pp.161-166, 2018
HMESE, ARG, KM, HPTEOR : 868 RC &
GO EEREICIED CHE~OMBRY Lar Y — b
D EE O, RS SR AEAN T 2 A,
Vol.75, V-168, 2020

FoAFES 2017 AEHIE T vy ) — MERERGE [RE
#il, 2018.3

KW, WS, AEEW, IS o ke ) & 8
LD pH BN X 2 ERDFE RIT TS, avy
) — b TR SCEE, Vol43, No.l, pp.467-472, 2021
WKW, OHETW, AR, RHE 32— Mho
BMIEICG 25Kk ay 2 ) — FORLOEE, 1K
SPRTOCHE E2 (MA - 3 v 2 ) — M), Vol.75, No.4
Pp.226-238, 2019

8% 3 KW S Vol.37, No.10, 2023



-

TAMR AN EED/INE ODIERE T —F > J OB AR DEHEE
#OROKHT O HPT BT A ST il RICTT
Evaluation Method for Shear Strength of RC Pile Foundation Footing with Small Shear Span Ratio

Shuntaro TODOROKI Toshiya TADOKORO Yukihiro TANIMURA Yoshinori SHINDO

The authors investigate the shear failure properties of pile foundation footings with a small shear span ratio of
1.0 or less and an equation to calculate the effective width used for shear strength evaluation. The result showed
that the shear strength increases with a smaller shear span ratio even when the shear span ratio is less than 1.0. In
contrast, when using the conventional equation to calculate the shear strength in design, the shear strength
calculated tends to be smaller as the shear span ratio is smaller, when the shear span ratio is approximately 1.0 or
less. To solve this problem, we have proposed an equation to calculate the effective width used for shear strength
evaluation so that the shear strength is not calculated too small even if the shear span ratio is smaller.
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Cross-Section Repair of Track Slab for Tunnel Section Using Polymer Cement Mortar

Takatada TAKAHASHI

Masaru HOJO

Narita TAKAHASHI

Direct seat fastening systems are used for slab tracks laid in straight sections in tunnels. A shoulder of a track

slab supports the curved part of a plate-spring used in the fastening system. However, it is reported that shoulders

of some track slabs are damaged due to ASR or rebar corrosion. To repair the damages, resin mortars with high

material costs are generally used for cross-section repair of track slabs. Therefore, form the viewpoint of cost,

we investigated the application of Polymer Cement Mortar (PCM) with lower material costs than Resin Mortar,

to the cross-section repair of track slabs in tunnel sections. As the results of various tests, we confirmed that the

shoulder repaired with PCM has sufficient shear capacity and trains can be passed after 2 hours of material age.
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Rolling Stock Scheduling Algorithm for Temporary Timetable After Natural Disaster

Satoshi KATO Jun IMAIZUMI Taichi NAKAHIGASHI Tatsuya KOKUBO

In this paper, we focus on rolling stock scheduling after a large-scale natural disaster. In general, a temporary
timetable is generated when some sections in of the line are partially disrupted from the damage caused by the
disaster. The next step is to create a rolling stock schedule that is as close as possible to the basic schedule at the
time of the timetable revision. We propose a two-phase rolling stock scheduling method based on the
mathematical programming algorithm to cope with the temporarily changed timetable. In addition, we confirm

that the proposed algorithm can produce a practical solution in terms of evaluation criteria and computational

time.
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